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November 11, 1987

Subject: Hydraulic Conductivity Results, Rocky
Flats Plant, Golden, Colorado

Job No. 6 011B 87

Rockwell International

North American Space Operations
Rocky Flats Plant

P.O. Box 464

Golden, Colorado 80402-0474

Attention: Mr, Thomas Greengard
Gentlemen:

Chen & Associates 1s pleased to present the results of hydraulic
conductivity tests performed on 33 wells at the Rocky Flats plant. The
purpose of these tests was to estimate the hydraulic conductivity of the
alluvium and the underlying Arapahoe Formation. The test method utilized for
this project was the slug test as described by Bouwer and Rice, in "A Slug
Test for Determining Hydraulic Conductivity of Unconfined Aquifers with
Completely or Partially Penetrating Wells," 1976.

Procedure: To conduct a slug test on a given well, one must have a water
level measuring device, a method for keeping elapsed time and a known volume
of a particular shape which will fit into the well bore. For the testing of
the wells at Rocky Flats, a pressure transducer was used to measure the water
levels, The levels were recorded by an Enviro-Labs Model DL-120-MCP data
logger, which also recorded the time of each measurement.

The first step in conducting a slug test 1s to determine the static water
level 1in the well. Then, a cylinder of known volume 1s "instantaneously”
either removed or introduced to the well. The moment that the volume 1s re-
moved or added to the well is the initial time. Measurements are then made of
the depth to water and the time of each reading as the water level returns to
the static level.

To analyze the data obtained, the computer program SLUGT was used. The
data 1nput to this program includes the measured change in water level and
corresponding time, the static water level prior to the test, the saturated
thickness of the aquifer, the slug volume and the well construction details.
In all but two cases, wells 25-87BR and 5-87BR, rising head data, or data
taken after the slug was removed, was used. Falling head data was used for
the aforementioned wells due to the movement of tne pressure transducer upon
slug removal. For wells penetrating the Arapahoe Formation, a saturated
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thickness of 100 feet was assumed. For wells in the alluvium, 1t was assumed
that the well fully penetrated the aguifer.

The computer program calculates hydraulic conductivity using two methods:
the Cooper, Bredehoeft and Popadopulus technique, and the method of Bouwer and
Rice. The method selected depends on whether the tested aquifer 1s confined
or unconfined., Both aquifers tested at Rocky Flats, the alluvium and the
Arapahoe Formation, are unconfined aguifers. Therefore, the results from the
method of Bouwer and Rice should be used for the hydraulic conductivaty of the
aquifers.

Data Obtained: Tharty-three wells were selected for testing at the Rocky
Flats facility. These wells are shown in Table I. Of these wells, 1t was not
possible at the time of testing to perform a slug test in 17 wells, due to an
insufficient amount of water in the well. Slug tests were performed in the
remaining 16 wells. Twelve of the slug tests were conducted 1in wells pene-
trating the Arapahoe Formation. The other four tests were performed in wells
in the alluvial aquifer.

Results: The results of the data analysis are summarized 1in Table I for each
well., Based on the slug tests performed, a range of hydraulic conductivity
for each aquifer was obtained:

- Alluvial aquifer - un_g?nflned, hydraulic conductivity ranges from
1.6 x 107° to 1.9 x 107’ ft/sec.

. Arapahoe rmation - unconfined, hydraulic conductivity ranges from
1.4 x 107° to 7.5 x 1077 ft/sec.

The output from the computer program i1s given in Appendix A for each well.
Sincerely,

CHEN & ASSOCIATES, INC.

Lauren E. Evans

LEE/eac
Rev. By: DRG
Encs.

Chen & Associates
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TABLE I

SLUG TEST RESULTS

Hydraulic Conductivity

Well # (ft/sec) Screened Formation
34-86 3.31 x 1078 Arapahoe
35-86 2.88 x 107/ Arapahoe
42-86 4,22 x 1076 Alluvium
62-86 6.94 x 1078 Arapahoe
69-86 1.44 x 10~/ Alluvium
5-87BR 4.24 x 1078 Arapahoe
9-87a 1.47 x 107 Arapahoe
9-87b 1.48 x 1076 Arapahoe
9-87¢c 1.29 x 107® Arapahoe
8-87 (avg) 1.41 x 107 Arapahoe
14-87 5.09 x 1078 Arapahoe
16-87BR 1.18 x 1072 Arapahoe
17-87 1.93 x 10~/ Alluvium
23-87BR 3.19 x 107/ Arapahoe
25-87BR 2.40 x 1077 Arapahoe
31-87BR 1.59 x 1072 Arapahoe
32-87 1.61 x 107° Alluvium
34-87BR 7.45 x 1072 Arapahoe
36-87BR 4.82 x 1077 Arapahoe

WELLS CONTAINING INSUFFICIENT WATER FOR SLUG TESTING

36-86 N/A -
43-86 N/A -
58-86 N/A -
59-86 N/A -
63-86 N/A —_
65/86 N/A -
68-86 N/A -
1-87 N/A -
10-87 N/A —
11-87 N/A -
12-87BR N/A -
18-87BR N/A -
19-87 N/A -
24-87BR N/A -
27-87BR N/A -
28-87BR N/A —
33-87 N/A -

Chen & Associates
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AND PERMEEBILITY UniTS WRE ik FTiser

DIFFERENCE
IN kS

ROOT MEAN
SQUnRE OF

TIME
DEVIATIONS

—~4

<

70.37 00

7b 9" - o0

TEolE 7%
LN .4b
7% o7 A8
N i3
75 5L -.01
DA {8
72 4% -l
T el ud



WELL NO.: 9-87 Run #3

- e e o — INPUT DATA ARE: _

INNER CASING DIAMETER = 2 00 INCHES LENGTH OF SCREEN OR INTAKE PORTION = 1{l.De FEET i
INNER SCREEN OR OPEN-HOLE DIAMETER =  ©.00 INCHES DEPTH FROM STATIC LEVEL TO BOTTOM OF SCREEN = 15,55 FEET
DIAMETER OF DRILLED HOLE = 7.50 INCHES THICKNESS OF SATURATED AGUIFER IDNE = 100.00 FEET

ESTIMATED POROSITY OF GRAVEL PACK = .25 FALLING-hEAD INDEX = 0 (*1* IF FPLLING."0" IF RISING)

NUMBER OF HEAD-TIME DATA POINTS = 30

TINE HERD
{sec ) (FEET)
1.00 7.980
2,00 8,050
3.00 8,110
4,00 8.170
5.00 B 220
6.00 8. 200
7,00 8,390
8,00 §.340
5.00 8 380
£0.00 8.41)
t, v 8,050
12,00 R £ 470
13,06 g tw
14 {0 8¢ -
'3 00 8,500
16,01 8,370
17 00 § 290
18 ©0 8.610
19.00 8.5630
20 0n B.030
21 00 B ool
ATV g.050
oW 3 599
24,00 2 71
25,00 8 720
20,00 7.730
27.00 § 740
28.00 8.730
29.00 8.700
30,00 8.770
31.00 B8.780
32 00 8.790
33.00 8.800
34,00 8 610
35.00 8.810
40,00 8.850
45 00 8.870
50 00 B.E50
55,00 8.910
a0 00 B 920
70 00 § 940
- T 0T 80 00 - g - -~ -~~~ Tmm T 7w oo T T
91.00 6,760
111,00 8.980
135 00 § 980
155,00 g 390
175.00 5.990
205,00 8,350




290,00 9.000
‘ 28 .

i

HO WAS COMPUTED FROM KNGWN VOLUME OF SLuS
S . - - -

VOLUME OF S.UB ENTERED = ,03270 CUBIC FEET

HEThOD OF CODPER. EFEDEMDEFT oND PAPRDOPULOS

COMPUTED RESULLTS,

COMPUTED VALUE OF 0 = 9,03 FEET

NOTE: TRANSHMISSIVITY UNITS mRE IN FT#¥2/sec ARD PERFEPBILITY uNITS ARE ik FTssecr

] ALPHA STORATIVITY MERN MEAN MINIMM MAXTHUM FATIOD OF HOOT MEAN DIFFERENCE
THANSK1S- PEPKER- TRAKS TRANS, “TT RANGE 7O  SUuRFE OF IN FM5
1 SIVITY 3L 18Rl TiME

DEVIATIONG
JONE=01 s 000E-ul T §BIE- 1 T 8g7E- 8§ 2131222 3 SE1E-a 3 sE3580 "6 4% W
J CuluE-u2 1 DOOE-~12 C.8GIE-TS I O8TE-T (2223244 T SelE~w g 573230 18 - 72
toulng=" vowuE~Ld 5 24%E-5 s CafE- 7 rhrkrsier s OTE-D 7 apzBl0 Ts ls 32
i (mE-ng t GNGE-va EAFYRISS ERYMET $riteribe i ap4E-n” PEEAL ] 73,58 A8 )
i WuE=1 £ NgNE= & 1 23914 239~ - rikrrtere ITiE-] Y ) 75 8. WD
v owBE-us v ubE-up it v opZTE- s teEFIrert 2745803 s BF6ESY "3 ef 14
niuE-u7 v oGOE-T 2375 . S47E-1c trrbeates TLTRE- T 5. 873080 RN -2
g~ 8 i WNpE-TE I Ca7E- 4 7 L57E- . ¢ 227z- 8 T RTE-T = TTTTER "t el 8
LR BepiE -8 DEINE- . IEITE- - 483E- 7 - TN T s 7T TT s 4
1 VorgE-t wilE-1v 2 BSSE-nd T 2%5Eene BN . 2R s TIM4%y Y5 s -2

pos

b R S

= b
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PROBRAM SLUBT, VERSION 4,0CT. 1985

THIS PROGRAN CALCULATES MEAN TRANSMISSIVITIES FROM

SLUG-TEST DATA BASED ON TWD ANALYTICAL APPROACHES:

(1) METHOD OF COOPER, BPEDEHOEFT AND PAPADOPULDS, 1967 (ARTICLE IN VOL.J,NO.1 DF WRR ENTITLED
"RESPONSE OF A FINITE DIAMETER WELL TD AN INSTANTANEDUS CHARGE OF WATER®)
{2) METHOD OF BOUNWER AND RICE, 1976 (ARTICLE IN VOL. 12, NO 3 DF WRR ENTITLED
'A SLUB TEST FOR DETERNINING hrDRAULIC CONDUCTIVITY OF UNCONFINED ABLIFERS
- NITH COMPLETELY OR PARTIALLY PENETRATING WELLS®)

PROJECT NO.: &-011H-87
ITE LOCATION: Rocky Flats Plant

FIELD INVESTIGATOR: kevin McNerll

CLIENT: Rockwe:l International

DATE OF SLUG VEST. 10-23-87

WELL NO.: 36-B7 BR

INPUT DATA AR

INNER CASING DIRMETER = 2,00 INCHES
INNER SCREEN OR OPEN-ROLE DIAMETER = 2,00 INCHES
DIAMETER OF DRILLED hiiE = 7 30 INCHES
ESTIMATED POROSITY GF BRAvE. PACK = .25

RUMBER Gf HERD-TIME DeTd P

-
w
14
(al

E:

LENGTH OF SCREEN OR INTAKE PORTION = 31.80 FEET

DEPTH FROM STATIC LEVEL 7O EOTTOM OF GCREEN =

THICKNESS 0° SATURRTED ABUIFER IOME = 100,00 FEET

FALLING-nEAD INDEX = O ({("{" I¥ FALLINE."C" +& ®ISING)
GiNTE = 42

nnnnnn

1

1
oo
=

P = e et e O O D A0 O -0 X Y O
3 O bBoee 0O UV ) SO0 O M) O LR e
Lo~ Ji — B o« B 20 B = B = B~ - I N - I -

O o) OO O B0 OO0 00 OO ~3 1 ) =) =~ ~)
« = = - e e e = = e =

w0
~y
Cd
o O

8.230
8.270
8.290
8.310
8.330
8.340
8.410
8.440
B 480~ — T - TTTooT T
8.510
8.940
8,600
8,040
8.08v
8.710




'

| ‘ 76,66 g 5u >
' B0, Ou 8.8%¢
. 89,00 )
108,00 & 89

. f, e 4900 B9 S _ .

149.0u 8.930
179 60 g 95
} 209,00 2.960
294,00 8.970
534,00 8,980
‘ . 74,00 §.950

pu WS COMPUTED FROK INTERCEPT OF PLOT OF LOGih} V5 TIME

ey

SUCCESSIVE COMPUTED

- VALUES FOR A
) \REET)
g 079
g.2632

] CHPUTEL vaoE 8% mus T FEET
MGTE  TRERERIEEINIT AMITS BRE TN FTe#lsgar #ND FERREWELLITY uRITS ARE b FTrsat
MEM.  STORRTITY MIBA ¥Ehn HTNIMLK ¥l M %6710 OF 00T MEen o FREREME
4 TRENCHIE- PERKER- TRAKS TFEAS, "T FANBZ T SBumRE 07 L
SIviTy Bt TBAR TiME
AV
t Ouie-01 T JNESY TE- RN rereatecy ZoamTE-nd e 232000 TR} m
Lo w@hE-07 plmE= - brrE- T v yeeE- T BFessepes £ BllE- . 17 725740 Yod Du -
1, OOOE-T IRIVESON 5 ETUE-E ER TN webiarerd 1 SZ0E-0T 22 3TIETA e 2" e
‘ 1. UO0E-09 PRVER ST toaSiz-Gd 1 891E-0p $EHERrERe 1907203 13.194380 tof 1° i
1.000E-05 1, 000E-0F 1 GE3E-ha 1,983E-0s FEREFFEES 2 860E-n7 13. 108630 tod 10 09
J 1. 000E-06 1, 000E-06 2. 40bE-04 Z.aabE-06 124231422 3, 220803 13.05838¢ lod 09 01
1. 000E-07 1,000E-07 2,942E-04 2.942E-00 2.388E~U8 ) 832803 13 025210 104,05 .04
i ! 000E-08 t ONE-0B T ATE-04 3 415E-D8 § 955E-08 4 43BE-03 13.004460 164.00 00
: 1, 000E-03 i DOOE-uY 3 BBIE-04 3.BE-Tp § T43E-08 5 039E-03 12,983840 164,03 .02
!

1. 000E-1G 1 GG0E-10 4 J43E-04 § 3442-0o 3. 550E-05 3.637e-03 12 573810 lod. 04 -.01

£

1
PR R R R P P R R R R R R e R R R RN B R R R R R R P R e R R R R E T E P R R R R F R N RN R R R P R RN R R R R R R R LR R R SRR

. METHOD GF BOUNER AND RICE

- .

COMPUTED RESULTS USING DIAMETER OF DRILLED HOLE:

- * 4




t

er
L34

{Hs

t 4
-

- .

! «7E-0
§.7+E-(p CKrsee

r

DIAMETER OF CASING AND SCREEN

-05 FTed/eer

=07 Flrepg

So-87 BF

§ BIE-(Z Fiealise
1,508
1,368
1 ?VU

1851viTY =
EL
INPUT Du

FEPMEREILITY
TRANSH

fa)
13
ts (1)

- =
[SEINVY]

Ll ) -~

5
o

D=~ I~ =
£ LD €O >
€ €D KD >

' t oI a2 &g o X0

pud

i

<

3
:H

6

g

i

3
Jol
B. 410
B.430
B. 480
8 510

E

8

g

g
T

7

140
8 180

8.190

B 210

8,230

8 230

8 270

B,250
3

o ay o

F R eda)
-
—-

IR L
o

A
) \‘

1

G

0
v
o 00

fu, o

D & D
<D AT

r
TIME
oy
ot
T
l, [}
&

1 ()
1o o
17,00
14.00
.00
{0.00
0
20 00
00

~m

-~ <x o
—

Y

] | Vi B O RN B | (¥
- % [2 Y ur

-
-
.~
[N R
-
s

.
W¥ITE
1813
are
z
Ut
cr
-4
.
¥

A RE

aAR

8,600
B 640

8.680

Lo

5 00
7

n

-
32 00

30 00
43,00

R



e

1 QOBE-O1
1 000E-02
1 v0OE-03

—

1.GO0E-04

1. 000E-05
] 1.000E-08
7 1.000E-07

1.000E-08
] 1.000E-09

1.000E-10

$viaproone

et aniw

.y e

35 00
ol 00
74,00
80.0v

109.00
129.00
149,00
179.00
209 00
294,00
534,00
774,00

_BR.00

VOLUME OF SLUB ENTERED =

- e

& 710
8.74¢
B.73¢
8.820
B.850 _
8.890
8.920
8.930
B.950
8.960
8.970
B.980
8.980

HO WAS COMPUTED FROM kNDWN VOLUME OF SLUB

03270 CUBIC FEET

METHOD OF COOPER, BREDEHOEFT AND PAPADOPuLDS

COMPLTED VALUE OF KO =

COMPUTED F

WOTE: TRARSKISSIVITY UNITS 45T
STORATIVITY HEAN HEAN

TRANSNIS- “ERMEA-

SIVITY BILITY
1, 000E-0 1 3§38 NI
1, 0008-02 4 JooE-05 3 GpeE-07
1, 00vE-y ¥ B73E-uI S ETIE-T
1. 000E-02 1451E-ud 1 891E-0o
1,0008-05 1, 983E-vs J83E-00
1.000E-0s 2 4abE-0a 2 doot-Gp
1.000E-07 2.942e-04 2.942E-06
1.000E-08 3.413E-04 3 413E-06
1.000E-0§ 3.8B1E-04 .BBIE-06
1. 000E-10 4,344E-04 4.343E-06

a--\

ESULTDS

§ 01 FEET

"y e

IN Fi%elsceC

HINIMUM
TRENS.

crriberee
(222212223
(2212222224
seriietie
td222222134
(223122221
2,38BE-08

1.935E-08

.
w
-~
<>
(g ]
]
<
(s =]

PROGRAN SLUST, VERSION 4,0CT.

1985

MEXTHUM

3

TRANS.

n we o
b E I U

. 600E-02

43BE-03

039E-03

0 7E-03

1= 12230

13.768740

1o 372870

13.194380

13, 108050

13 058360

13.025210

13. 004450

12.985840

12.975810

gigte Sy 234 TEINS 3

164,54

104 30

164,19

104,10

104,09

164.05

f64.06

164.03

164,04

THIS PROGRAM CALCULATES MEAN TRANSMISSIVITIES FROM SLUS-TEST DATA BASED ON TWO ANALYTICAL APPROACHES.
{1) METHOD OF COOPER, BREDEHOEFT AND PAPADDPULOS, 1967 (ARTICLE N VOL.3,ND.1 OF WRR ENTITLED

ARPFHRRNAMALF SF A FIMPYF ATAMPPA A3 YMm A4 %

Cea

22

1

0%
.01
.04

.00




- . -

B

¥

PROVEZT NO.
T2 LOChTa0N  Fecey

FTELD INVESTIGATOR:

TNKEX CwSINE DePMETER
INNEP SCREEN GF DPEh-w
DIRMETE™ OF DFILLED
ESTIMATED POROSITY

NGTE
ALPHA STORATIVATY
1.000E-0L 1.000€-01

6-vitg-87

*.IEKT Fockeel: international
Foate Prart DuTZ OF Suuf TEST 1%-Z13-87
kevin ﬁ;Ne:’{
WELL WO el-Bb
tNPUT D
= L.0u INDHES LENGTH OF SCREEN §° INTARE PORTION = 9§ 74 FLET
wOLE DIPNETEF = 2,00 thChES DEET~ FROM STAT.C LEvEL 70 BOTTOF OF SCREEN = = "= FEEY
nOLE = 7.30 INCnES ThiCKKESS ° SATURRTED ARUIFEF IONE = § 74 FZET
OF GRAVEL PACk = 235 FALLING-HERD INDEX = © ("1 IF FALLING,”0 TF FiSINS)
NUMBER OF nErD-TiME Dnim PDINTS = 1€
TINE rESD
1set : VEET)
t T et
< v TR
MY T 94§
o g udo
T g (%
. z oty
T S
R B s8u
5,0 g.1%
‘¢ U” :.:”0
15,0 g8 nd
20 o z o
o ow g2
R g o
LY 3 2ih
ey oy E :1)
35w 2 Iin
Ty o0 3 2b
- weS CO®FYTED FROW OWTERTERT 3F FLDT JF LOBuw) 2 T¥E
SuCCESSYWC COMFUTED
vRLUES FOF nu
\FEET
g 101t
S 0712
“ETHOD OF COODPE®, BREDEHDEFT sND PAPADOPULDS
COMPUTED RESJLTS:
COMPLTED VALLE OF W = 3§ 29 FEET
TRRNSKLSSIVITY ukiTS AFE IN F7#¥l7cec AND PERMEARBI.IT: uNITS ARE !N Fissec
MEAN MEAN KINIMUM HAXIHUH RATIO OF ROOT HEAN DIFFERENCE
TRANGHIS~ PERMEA- TFAKRS TRANS. *T* RANGE TG SQUARE OF N RNS
SIVITY BILITY TBAR TIME
DEVIATIONS
4, 560E-05 4,6B1E-00 HERELEEEE 3.728E-04 B.200054 24,90 .00




1,000E-02
1. 000E-03
@.0005:04
1.000E-05
L.oons-oo
r.oooe—o7
1. 000E-08
ix.oooe-oe

1.000E-10

1 000E-02

1 $00E-03

1.000E-Ca_

1 0008-03

1. 000E-Co

1. 000E-07

1.000£-08

1. 000E-09

1.000E-10

INKER CASING DIAMETER =
INNER SCREEN OR OPEN-HOLE DIAMETER =
DIAMETER OF DRILLED HOLE =

1 456E-u4 ! 49SE-(5 EEEEEEEFE 1 1238-03 7 743841 24,063 2t
2 73TE-04 2.808E-0% rEEEREEEE 2,0408-07 7 465660 24,90 A8
4.027e-08 A,150E-05  __ALBISE-07.  2,900E-03 . 7.347920 __ _ 2A.MA . L0b_
5 291E-vé 5.832e-00 7.629E-0b 3.85BE-03 T 277444 24,41 03
5. 52BE-04 b, 702E~05 9 177E-00 4.780E-03 7.246042 24.39 02
7.747E-04 7 994E~uS 9.926E-06 S.610E-03 7.228720 24.38 01
8 959€-04 9 198E-03 1 662E-05 o 4726-03 7.205465 24.37 .01
1.012E-03 1 042E-04 1 215E-09 7.32BE-03 7.205143 437 00
1. 1358-03 1. 106E-04 2 G27E-05 8.179E-03 7.184804 24 3b .01

R E R R RS B E e F R R N SRR E R R F e R R R P b r b B R LR E R LR R E N R B R R P RE R ERF R RO R AR R R EEEE L B R R R ER RS 504

PETHOD OF BOLwER AND RICE

COMPUTED RESuLTS USING DIAMETER OF DPiLLED HOLE

= 1 292-04 OMicet

PERMERELLTTY = 4 ZTE-Qp T7scec
TRANSMISSIv.TY = o H1E-0D Fieslecer

COMFUTED FESULTS JSING LiAMETER OF Cn5iNB AND STRZEN

WELL NG.: 42-Bo
INPUT DATAR ARE
2 00 INCHES

2.00 INCHES
7.50 INCHES

ESTIBATED POROSITY OF BRAVEL PACK = 23

NUMBER OF HEAD-TiME DwTA PDINTS =

TINE HERD
{sec } (FEET)
1,00 7 580
2.00 7 790
300 7.9%0
4,00 B.040
5,00 8.090
6.00 B.140
T An a ™!

= g ,Bg~05 Ch/ser

LENETH OF SCREEN OP INTAKE PORTION = 5 95 FEEY

DEFTH FROM STATIC LEVEL TO BOTTOM OF SCREEN = 9 74 FEET

THICKNESS OF SATURATED AQUIFER IONE = 9 74 FEET

FALLING-HERD INDEX = © ("1 IF FALLING,"0" IF RiSING)
18

= s o




s s.lo
g o 8 19v
oy § Zuv
B 8 200
R g 210
a0 BO )
3¢ 00 8 21¢
39 00 g 210
{ 49,00 g.21¢
{ 45.00 B 210
Ta,00 8 2110

i Hir WRS COMPUTED FROM FNOWN VOLLME OF SuiB

VOLUFE OF SLLS ENTERED = 7270 CLBIC FEET

] METHDD OF CODPER, PREDEMDEFT AND FPPADOPULDS

COMFUTED FESuLTYS

NOTE TEahS¥ISS T BheTE pRT N TTeeliser y\D PERMELD L Ty UhgTE pPE 4 FTieet

SR STERaTIY Ty MEBN HERN ¥ Ny M REYINLM ReTil OF FOCT MEeh T OFFERERCE

TRenS® 3- PERMEL- LT THAKS T ORBN3E YT SEUARE I° A
STy BT TEAR TIRE
DEVIRTIONG
! ub{iE-{) -, LN IR « piE- erEbpakid 7 T28E-e § 20 % Ta Ty o
{900 {unpE-rT 136E-0y L 405~ T riEdeibis RN © 74555 23 el Z
! unE-0” CatEe T 2TCE- I EEE-ul sREreiiEy 2 040E- 7 aploel A 3
WoE - oy nE-ng T s 175508 . BITE-" " GauEen = 34757" L un -
’ nQuE-{3 PHNE~ 3 S I%E- - aIE-GD T plfE-ue T BSEE-y T 23Tudy W -
]1 vivE-ve 1 JuE-ne t SIBE-ne & TlE-ul & 7TE- e « TalE- 7 7 Inetdl 4,78 2
i 000E-DT i 000E-"7 T TATE-04 7 95hE-G5 ¥ F3eE-vn 3 el 7.2287%¢ 24,38 o
Ii voiE-08 1, 000E-0E £ 93%2-04 7.198E-02 1 5hZE-03 b 47283 7.2058e% 28,37 1
!

1 O0GE-07 1 0QuE-© { 015E-3 1 042E-04 1 215E-05 7.32BE-05 7 205143 24.37 00

(00E~10 1 000E-10 $,135E-03 1 166E-04 2.027E-05 8.179E-03 7.1856804 24.36 .

o~
—

FI0aRaM S.UST, VERSIOH 4,007 {°83

Tr15 PROBRAM ChCULATES MEwh TRANSMISSIVITIES FROM SLUB-TEST DATw BASED ON ThO AMAL:TICAL »PPROACKES.
~= === == - ovhr-KETHOR OF CBOPER; BREDERDEFT- AND PAPADOPULDS, 197 (ARTICLE b VDL 3.ND.: OF WRR EMT.TLED - - - -
! *RESPONSE OF A FINITE DIeMETER WELL TD AN INSTARTANEOUS CHARGE OF WATER®)
12) METHOD 0F BOUWER AND RiCE, 197 (ARTICLE ik VOL. 12, NO 3 OF WRR ENTITLED
°A SLub TEST FOR DETERMINING hYDRAULIC CONDUCTIVITY OF UNCONFIMED ADUIFERS
| WITH COMPLETELY OP PARTIALLY PENETRATING AELLS®)

frmm—————— e~ % o o - - U - ——————

W\
W

-

T  SEE e asa MaE L MR LAY ALY . P




]

F WEROENTLTLE

~
1

U

"
<
-

ED AQuIFER
2287
n 0% INTe E

1o~

f EASED Ok Twh ANALYTICAL APPROACHES
kO 5 OF WRR ENTITLED

-t

nuLsC CONDUETIVITY OF UNFONFIN

AITH COMPLETELY OR PePTiALLY FENETRATING WELLS")

1965

ne

(VY
CLIENT. Focxkwel! international

DRTE OF SLUG TEST

VERS:ON 4.0

F

"
« Y975 {ARTICLE IN VDL,

v
Lugt,
£ mp

1
RiCE
Nk
WELl NG . S5-Bs
HED

PROB™2M S
IN
iy

+
“ Az apn

#
revin Mcheir

SPONSE OF
Flats ®ian

4
XOCky

'R
{2) METAOD OF EOQLWER mN

{1) METHOD OF CODPER. EREDEMOEFT AND FAPADDPuLDS. 1967 +ARTICLE IN V0o S.ND §

LOCATION

PROJECT ND.* o-uilE-87

T-1S PROBFA" CALCUL

1T
IRk

3 B S > a6 . €23 3 K
Ao F ot [~ LRV S 4 T e €«
-m» L4 TR e B I L T 4 B 4% B |

u - - -

- s 1 "3 W s T @ wx
e < T = -~ = I -4
Y € € 2 < D> D T XD DD
- .« = .
- ~ Cl s = I3 O~ JY O

i -—

ot v ok, o T T

s

Py

5,290
4 330
4 390
§.410
4,430
4,470
4 490

00
.00
.00
35, O
45 00
55,00
03 0

o

125,00

105 00
175 00




EE 0

-y .

[P

”

tLoufoE-3

1 B0hE-A2

| G00E-03
| 1,000E-04
1.000E-03

1 u0OE-0s

ra——

{ 000E~(T
f {, vO0E~08

I O00E-1u

« L (udE-w

1 UGOE-05 ~ -

NBTEs TSehEhISE

Anne
Tiihe mpr
-

b O0pE-uZ

I O00E-05

OGuE-0s

wuE-{7

* QulE-uB

BRUICTIT

1, 0uDE-v8-  _J.a80E-ue _ __3.380E-0p

735 00 4 5S40
255, 0u 4 548
295.0u s 550
MR § Gof
415 Ou .5
T eIy - -~ —4-580— - -
825,00 4,600
775,00 LI
895,00 4,020
1015, 00 4,020
1435.00 § 63
[ 4

1965, 00 & H50
1945, 00
2425.00 4,070
2905, 00

3565 00

|
|
f

i 105

TIhE

SCwL MR AE PRRESL mEemo_eSEe Lvm GiToeem
z7WDD 0% [TOPZ® BREDE-0EFT W'D CAFRIIFULE
-

LO¥PuTED RESLLTE
SOMPLTED Yyt £ wf = =" rrr
SOMFUTED tepuz (5 b= o 7T FEE

rrm

LTy uhTTS weE

o soes

MErk bEhi HINT WIS
TERKIR, S SETME - TFRNS

Lo BiLe”

TeE-ut J3eT=T corbafred
4 S47E-03 4 4d7Zend ErebiEhes
§.g47z-v 8.847E-07 rerbeieed
1 37oE-04 t 33ez-0b FEEFREFEE

1.01BE-08

2 22E-vd 2 212E-04 » 291E-08
Z.038E-1a - sUBE-0s 2 I85E-1S

3 DolE-0a T OslE-0s

s
(R
=
4
vy
1
o

§97E-0o 4 |B3E-08
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PROGRAK SLUBT, VERSION 4,0C7. 1985

Tr15 PFOGRAM CALCULATES MEAW TRANSMISSIVITIES FROM SLuB-TEST DATn BASED ON T ANALITICAL APPROACHES

{1} METHOD OF CODPER, BREDEHOEFT AND PAPADOPULOS, 1967 (ARTICLE IN VDL.3.ND.1 OF wRR ENTITLED
“RESPONSE GF # FINITE DIAMETER WELL TO AN INSTANTANEQUS CHARGE OF WATER™)
{2) METHOD OF BOUMWER AND RICE, 1976 (ARTICLE IN VOL. 12, NO.3 OF WRR ENTITLED
*A SLUG TEST FOR DETERMINING HYDRAULIC CONDUCTIVITY OF UNCONFINED AGUIFERS
WITH COMPLETELY DR PARTIALLY PENETRATING MELLS®)
PROJECT NO. 4&-011B-87 CLIENT: Rockmwe:l international
ITE LOCRTION Rocky Flats Flant DATE OF S.Ub TEST: 10-15-87
FIELD INVESTIGNTDR: Fevin McNei:l

weLl ND.. 82-Fe

SNPUT Dl »REd

INNEF CRSING D/ 4METER = 2,00 INCHES LENBTn OF SCFEEW GR IATAFE PDRTION = 15,30 FZET
WER SCOEEN OR OPEw-rOLE JVAKETEF = 2 A0 JACkE3 DEFTr FRON STATIC LEvEL 70 5OTTOM OF SCREEN = 10,92 FEET
o wMETEF OF DRILLED 4O0LE = 7.25 JACMES TnlCERESS OF SWTURATED AGUIFER IORE = 140,00 FEET
E3TAMATED POFOS: T 0F BRAVEL Swlb = .°S SoLLING-rERD TABE) = o ("17 IF CALLING'Y oF PISING
HUMBEF OF ~cwD-T'HE DnTH PI0NTS = 43
TikE nERD
reer ' FEET)
voDn 3 78D
R LIRS
N 3 IEh
g Jv R4
oo 3 Tev
o 00 g 3o
700 8,300
8.00 g.360
7.00 § 370
10.0v 8 370
11 09 g 370
12,00 8.370
13,00 8.370
14,00 8 370
19.00 § 380
1o.u0 8,380
17.0u 8 380
18 00 B 3o
19,00 8 380
20,00 8 380
52 00 g 390
B o 82 Ou § av ) ) - - T 77
112,00 2.410
1720 B 420
232,99 2 440
292 00 8 430
3532 O 7 400
§12,00 8.470



. 772 00 8.520 o .

892.00 8.530
1042,00 8.350
1222.00 8 370
| - s s s e 0, e BB - e o emee e e - - -
1582.00 8,600
1762.00 8.020
1942, 00 8,030
2122,00 8.640
2302 00 8 450
- 2542 00 B 670

HO WAS COMPUTED FROM INTERCEPT OF PLOT OF LOB(R} VS, TIME

SUCCESSIVE COMPUTED
VALUES FOR HO
\FEET)

8.3817
} §.3BC3

METRLD OF CODPER, =REDEMDEFT «ND PeRuDDPULOS

i COMPUTED ~ESuLTS
COMPUTED (~LuZ OF b = § Fp FEET
WOTE TRenSA1ESIviTy uhiITS «RE IN FTee2iser oND PESMERBIL' T UNITS RE Im FTrsec
FLFHE ITORAT v ITY YEAN MEAN ¥TNTHLM XM RAT 8 CF ROGT MEen JIFFEFENCE
TRANSHIS- PEPFER- TFANS. TFANS *T* %uNSE 73  3OUARE oF IN RNS
SiviTy BiLity TBAR TME
GEVIAT (ONE
v opuE-y! 1+ yODE- secunt-ug - l4pE- % 4,838E- o SFOE-T 1l STy 384 §° ud
vooEe L ©oligE-ng LTE- S WTE- 7 T TTE-® 3018~ . 3% z84.7u 2
LU S 000E- = 2 BuiE-nS 2 BAE-yT v JE4E-vg RERITE; T sl Sielly 384 31 38
{.v00E - (00E-n4 3 bATE-0S 4, 047E-07 3. 159E-18 S 47EE-04 11.782530 884 (7 24
1, eOOE~GS 1 Q0QE-vS o 40JE-1C 2. 463E-57 § 7126-08 7, 6U5E-Q4 11,7705 883.%8 09
1 DOuE~-vo 1,000E-00 8 232E-75 § 2328-07 0. BI3E-0 § o8iE-1k 11.758940 883.67 Al
1 wDOE-HT 1 D00E-97 3 990E-u3 3, 99007 8,311E-08 1, 174E-03 11,754,120 883,80 .01
| 1 (00E-~08 1 000E-GB 1,172E-04 1 172E-06 v O14E-0T 1 377803 11 751435 883.82 03
1. GIRE-R 1, WDE-D5 1, 343614 t,3a3E-ve 1, 165E-17 t 5788~ 11, 748079 2685 81 a1
T uhlE-19 t GOOE-19 $ S128-04 1 512E-he 336E-07 1 777E-03 11.745280 683 79 32

-

S R e RPN P R R R F R R F P E P E R R RN P E R e R E R BN B B L E RN SRS R ERE R R B r S R PR b R R R R R S0 R R R RO R HERES N E0 R0 008

METHOD OF HDUWER sND RILE
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CONPUTED FESLLTS LSING DinRETER
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TRANSMISSIVITY = o F4E-Oo FT#&2/sec

COMPUTED RESULTS USING DIAMETER OF CASING AND SCFEEN:

PERMEABILIT: = 2.00E-08 Flscec = 7 91E-07 CHssec

TRANSNISSIVITY = 2.60E-06 FT#8l/sec

AELL WD.: o2-86

INPUT DATH ARE.

SiNG DiAMETER = 7 00 INCHES LENBTH OF ECREER OF INTARE POFTION = o 74 FEET
REEN OR OPEN-nBLE D7AMETER = 1,00 inChRES DEPTH FROM STRTIC _EVEL 73 BOVTOM OF SLSEEN = 10,91 FEEY
F DRILLED HOLE =  7.2% INCHES TAICKNESS OF ShTURATED m@IFER IONE = $90,00 FEET
FOROSTTY OF BRAVEL FACK = 73 FALLINR-nERD INGEX = 0« 7 IF FACLING,™Y" % RISING)
NUMBER OF MEmD-TIME DATe POINTS = 45
¥ READ
'SEC ! FEET)
] 2.350
T 00 8,350
300 8,350
1900 8,360
T 3,300
3 3, 360
T 3 et
g, 0w 8,300
G, 00 8.370
10.¢0 8,370
11,40 8,370
12,00 8.370
12.00 8,370
14 00 8,370
15.00 8.380
16,00 8.380
17.00 8.380
18.00 8,360
13 00 £.380
20,00 8 380
32,00 8 390
82,00 8 400
112,00 B 410
172 06 g §20
- - - B[22y - - B A4) - - - - -
292, 0 8 430
352 00 8. 460
412 60 8.470
472,00 £.480
332,00 5.496
552,60 5.500

N AN o ®3A +



* e

1042, 90 B.550
$222.00 8.570
- - - 1402,06 - - -85 - ~---— — - e
1582.90 B.500
1762.00 § 820
1942 v 8.630
2122.00 8.640
2302.00 B 630
- 204200 B.o70

HO WAS COMPUTED FROM FNOWN VOLUME OF SLUG

VOLUME OF SLUB ENTERED = .03720 CUBIC FEET

METHDD OF CODPER. BREDEnDEFT »hD PAPRDOPULLCS

COMPUTED wivE OF mb = ¢ 71 FEET

NOTE  "SnhSMISSIVITy uRITS pRE Th FTe#Zrcec AkD PEFPEABILITY UM1TS RRE 1 Firsec
HLP=H ST0PRTIVIT HEAN XEAN R LLTOt T AnTlB CF G007 veaN
TEaNSNIS- RERNEP- TRANS, TFANS, ‘7Y FANBE 75 3BudRE OF
aviTr ity TBAF TiME
DEVIATICAS
L0 E-w 1, 000E- 4 1. 747E-va 1, 74715 2 5R2E-h Jolvok- 5 12, 058410 B8S 7
tD0E- 2 Y1) S 3 235E-1n € rI9E-uf riErreest t 1o4E- - 11 SClEs 885 .l
vQuE- T "nQE- 7 o 338G I IZEE-T sheperst 2 TN 1§ BeSeln 884,99
uin E=ru wE=1e T 9TIE-D T RN T T IleE- 7 L,09%E- 2 33079 384 &l
1. G0VE- 2 1+ 000E-3 3 Se3E-uE I, 5e5E-7 ¢ J00E-3 3 573E-03 11,8144ad 524,52
1 H0uE-De . 000E-10 T TE-G " TR 2.4698-98 8. 400E-n§ 11.803030 5B4. 40
1 00E-07 1. 000E-v7 8 oS3E-vS B b35E~u7 2 798E-9E 1.OZ1E-03 11735040 584,41
{ 000E-08 1.000E-"8 1. 010E-vd 1 01oE-o 3 T74E-0R 1, 199E-03 11,7558 884,36
I 000E-55 1, 000E-u9 1. 167E-04 T, 167E-0 4.504E-0d $,3TeE-03 $1, 793020 §64.24
{ H00E-10 { 000E-10 1.315€-04 1 J15E-Mo I U18E-NH 1.951E-73 11.789850 §84 3%
- - ___ FROBRaM SLuBT, YERSIODN 4,0CT, 1985 e e
71§ PROGRAN CALCLLATES MEAN TRANSMISSIVITIES FROM SLuB-TEST DATA B4SED Oh ThD AMALYTICAL APPROACKES
(1) METADD OF CODPER, BREDEADEFT wAD FhPADJruLDS 1967 (PRTICLE Th vDL. 3,40 3 OF WRF ENTUTLED

*PESPONSE 3F n FINITE DiANETEF #ELL TO AN 'NSTANTANEDUS ChAFBE OF mw7ERT)
12) METnOD OF BOUWER AND FICE, 1970 [WATSCLE 1t WOL 12, NO 3 OF WRR ENTITLED
A Sry3 IE3T FOR DETEPMINING hrDRALL:C CONDUCTIvITr OF ubCONFINED ABuaFERS
#1Tet COMPLETELY OR PARTIALLY PENETRATING WELLS®) .

Lo

- e

A

-
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' ITE LOCATION: Rocky Flats Flant DATE GF SLUB TEST: 10-23-67
1 FIELD INVESTIGATOR: kevin NcNeill
! WELL NO.: 5-87 BR
INPUT DATA ARE.
INNEF CuSING GIRMETER = 2,00 INCHES LENBTH OF SCREEN OR INTAKE PORTION =  o.50 FEET
INNER SCREEN OP OPEN-HGLE DIAMETER = 2 00 INCHES DEPTH FROM STATIC LEVEL TO BOTTOM OF SCFEER =  ».50 FEET
DIAMETER OF DRILLED HOLE = 4 00 INCHES THICKNESS OF SATURATED AQUIFER IONE = 1ud.00 FEET
ESTIMATED POROSITY OF GRAVEL PACK = .25 FALLING-HEAD INDEX = 1 ("1 IF FALLING,"0" IF RISING)
NUMBER OF hEAD-TINE DATA POINTS = 46
F TIRE HEAD
(sec ' FEET)
1,00 7.440
200 74530
300 T W20
4, 0v T AW
.00 T 4d
6 Oy 7 -0
7,00 7400
g 00 7.3%0
3.00 TEb
10,00 7380
1. 0u 737
12,80 " leb
13 0% 10
14,00 -1
15 w0 Tecal
200 734D
25 v T Ioh
30 G 7
PR A
a0 i T 150
a5,y T
20,00 7 280
o0 00 7 24
70.00 7220
80. 04 7.200
99,00 7 180
110,06 7.150
130 60 7130
) 150, G0 7110
| 180 50 7099
230,00 7.050
290 00 7.020
350,00 7.000
410 00 b 950
470,00 » 970
530.00 5,960
U 530.00 0,950
‘ 779 vl b 930
TohorTm s T T B0 G0 — T 77 TeT¥I - B h - - T I
. 167000 6.910
1340 00 o §00
1650 06 o 8%¢
s 1540 Qu 0.870
2280 00 b 870

2540.00 5.860




e

wb

HO WAS COMPUTED FROM INTERCEPT OF PLOT OF LOB\H) VS, TIME

SUCCESSIVE COMPUTED
VALUES FOR HO
{FEET:

. 2683

2744
METHOD OF CODPER, BREDEHCEFT AND PHPATOPLLOS

COMPUTED PESULTS.

COMPUTED vALUE OF mo = 7 31 FEET

NOTE: TFaNSMiSSIVITY UNITS ARE 1N FTe#2ssec

ALPnf STORATIviTY MEAN MERN MINIrLM HAX IMuM RETID OF RG0T MEAN JIFFERENCE
TRANSHIE- PERMES- TRARS “FuNS ‘YT OReNBE T3 SOUFRE OF 'N RMS
SluiTy FEINY “BER TIKE
JEVIATIONS
LoOnE- 1 O00E-u1 - 1897 < (BFE-nT T 136E-uE 2,87~ T AZing "T85 0
" iuE=nT v 30OE-n2 1, 955E-mp + §55E-08 1e201E-7 1, 01385 5.1145°2~ 798 42 -11,82
T ouinE- T 1 oauE=n3 5. 185E- 5 s JBET-3 —.000E-(7 3351803 5,730707 7T -0, 04
{ Gu(E-Dd INGE-74 1, 18BE-N5 ‘L isBE- T 4, 11BE-F 8 IloE-n5 T 83135 TBE, S -5 44
1 ufiE-vd 1 O00E-15 4 722E-nd o TZeE- 17 = hpt-? t C3ak-na 7 405743 730,30 -3.82
1 iE-oe o= 2% LT s 943E-7 JT28E- 4 T BRI -1 33
g =3 T S T BGBE-Z - SUEE-T $lE-" L sLlE-e BTSN R -0 13
1 uDOE-E 3, 000E-5 3 335E-G NI LY ¥ sBoE-v7 2 SB9E- 7 7ie "34,12 -7
1.wB0E-0% 1.000E-u® 3. BSFE-05 3 B3%E-47 1 104E-he T 0leE-nd ° 787793 794,858 - 33
1 S00E-1v 1 D00E-1D § JTeE-ug § J7eE-N7 1., 238E-v0 T A2TE-uu 7.804274 795,44 -3

P e e R R I F e R R R R R R E VS R R F R R F o R R R EFF R F R E N F R o R R F RN ER PO ERE R SRS IR R ERE RS FERFHF

METHOD OF BGUWER AND RICE

COMPuTELD PESULTS oSING DiAMETER OF DRILLED HOLE

COMPUTED ~ESULTS u5.NB DIRNETER GF ChSINE AND

9E-Go L. ceC



-

T Ty - eea

WELL A3, 3-87 BR
INPUT TR ARE
INNER CASING DIAMETER = 2,00 INCHES
INNER SCREEN OR OPEN-fiOLE DIAMETER = 2,00 INCHES

DIAMETER OF DRILLED HOLE =  4.00 INCHES
ESTIMATED PORDSITY OF BRAVEL PACR = 25

------ - “—a

LENSTH OF SCREER OR iNTAeE PORTION =  o.50 FEET
DEFTH FRON STTIC (EvEL TC BOTTOM OF SCREEN =  o.30 FEET
THICYNESS OF SATURATED ARUIFER IONE = 100.00 FEET

FALLING-HERD 1NDEX =

40

o~ NUMBER OF nEAD-TIME DnTw POINTS =
TIME HEAD
1sec ! {FEET)
100 D L)
200 7430
Y 7 420
L) 7 A1
2,00 7410
5.ub 7400
i T 7 09
8 00 7390

5,80 7 780 -
19,00 7 380
Yi.fv 7,370
12 4 7 Jeb
13 v 7.0k
14 00 7 380
19,04 7380
20,00 7 340
Zown ToTh
TN N
"5y L
40, v 728D
45 09 ".276
30 00 7 260
89,60 T 24
70.00 7220
80,00 7 200
30,00 7 180
110,09 7.150
130,00 7130
130.0v 7.110
180,00 7,090
230,00 7.050
250.00 7020
350,00 7.000
410 W 6 930
470 00 6,970
330 00 5.960

- - - - TRV T T TR T T

770 40 s 530
§90 v b, 920
1070.00 b 510
1343, 0v ¢ 300
1630 ni . 850
1940 00 6,870

I

{*1* IF FALLING, 0" IF RISING)

e B



e aor

P ~ e—v————— - ———

. 2840 00 6.860

RO WAS COMPUTED FROM ¥NOWN VOLUME OF SLub

VOLUME OF SLUG ENTERED = .01640 CUBIC FEET

METAHOD OF COOPEP, BREDEMOEFT wND FnPRDOPULDS

COMPUTED RESULTS:

COMPUTED VALUE OF HO =  7.51 FEET

NOTE: TRANSMISSIVITY UNITS ARE IN FT##2ssec AND PERMEABILIT: UNITS ARE IN Fi/set

RLPHA STORATIVITY MEAN MEAN MINIMUM MAXIMUM RATID OF RODT MEAN JIFFERENCE

TRANSHIS~ PERNEA- TRANS. TRANS. *T® RANSE 70 SUUARE OF IN RMS
SIVITY BILITY TBAR TIKE
DEVIATIONS

L ORGE- 1y 1 H0E-ul 4 1B9E~T 3 {§9E-u® MPETI O] 2 §73E-us 7,000 084 739 9% 00
1 HO0E-30 1.000E-v2 v §EEE-Te t @55E-uR { 2BYE-07 1OISE-S 3. 114592 751 «2 ~11 82
1 wQOE~ " ¢ NGOE~ 13 6. 185E~10 & 18IE-uE T T §81E-uG e, 3107 7700 ~25.00
+ QAT - { MOE-Ng 1 1cBE-05 s 1oBE-nT § |1BE~T 3, 320E-13 7 093,35 788,50 -9.44
}oulg- 3 + JDOE-5 V,TIpE-D -2 2 ChpE-nT 1,.04E- 12 7.400747 T30 23 -3.82
1 w00E-De T {00E- 1o 1% % 9. 543E-07 « J7IBE-m DT RRT 752,20 =193
v oafyE- T t Ayhg- 7 - BuBE-n3 2. GuBE-T 3 J2E-T T ieZE-nd T pet7d 793 &b -1.13
{oufuk-08  YngE-us T 35E~ S T 1357 7 ofeE-v? T GRYE- w T TR0 Tay 12 - 73
Jpug= 8 1 BE-nS T 8R%E-T T OBSYE- $f-p T oyigE-e T TR "%4,30 -33
1 LOuE-tn v GOVE-19 4 37sE-~05 4 J7pE-y7 3EE- 6 T AZ7E-uy T 5047 795 v - 37



